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[57] ABSTRACT 

A technique is disclosed for allowing a seamless handover 
between base stations in a TDMA controller as a telephone 
handset is transported from one base station's area to 
another. The disclosed circuitry enables the TDMA control- 
ler to assess the quality of the handover before switching to 
the new base station. When it is determined that a handover 
operation is to commence, transmissions are made in the 
original slot time and a handover slot time within the same 
frame. Also during the same frame, data is received at two 
separate slot times. Only when it is determined that the data 
received in the handover slot time contains no transmission 
errors is the handover completed by then only transmitting 
on the handover slot transmit time and receiving on the 
handover slot receive time. In the preferred embodiment, it 
is determined whether the received data contains no trans- 
mission errors by detecting the CRC codes, the signal 
strength, and the existence of any invalid words. 

16 Claims, 7 Drawing Sheets 
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SEAMLESS HANDOVER IN A CORDLESS 
TDMA SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is related to U.S. application Ser. No. 
08/621,266, filed on Mar. 21, 1996, now pending, entitled 
"Multi-Tasking Sequencer For a TDMA Burst Mode Con- 
troller/' This application is also related to U.S. application 
Ser. No. 08/655,576, now U.S. Pat. No. 5,666,366, entitled 
"Inter-Base Synchronization Technique for a TDMA Com- 
munication System/' and to U.S. application Ser. No. 
08/653,531, filed herewith, entitled "Audio Error Mitigation 
for a TDMA Communications System now pending." The 
above applications are assigned to the present assignee and 
incorporated herein by reference. 

1. Field of the Invention 

This invention relates to time division multiple access 
(TDMA^ comrntinication systems and, in particular, to a 
handover technique for dynamically transferring communi- 
cation support -for a cordless handset to another base station 
in a TOMA system. - 

2. Background 

In a TDMA communication system, a number of trans- 
mitters can transmit on the same frequency channel, but at 
different times. A remote receiver for receiving a particular 
transmitted signal knows beforehand at what time the trans- 
mitted signal will occur and receives only during that time. 
The use of TDMA makes very efficient use of the frequency 
spectrum since multiple users may use the same frequency 
channel at the same time without interfering with one 
another. 

FIG. 1 illustrates one type of TDMA system where 
handheld wireless telephones 10 and 11 share a same 
frequency channel while transmitting to and receiving from 
a nearby base station 12. All communications made by 
telephones 10 and 11 are routed through base station 12 as 
long as telephones 10 and 11 are in the vicinity of base 
station 12. The various base stations in the TDMA system 
are connected to the public telephone lines (not shown). 

Additional wireless telephones 13 and 14 are also shown 
in FIG. 1. Telephone 13 routes its communications through 
its closest base station 15, and telephone 14 routes its 
communications through its closest base station 16. The 
various base stations 12, 15, and 16 convert the received 
TDMA signals from the handheld telephones 10, 11, 13 and 
14 to conventional analog POTS, BRI, or PRI signals for 
transmission over the telephone lines. Similarly, the base 
stations 12, 15, and 16 convert the received information on 
the telephone lines to TDMA signals for transmission to the 
handheld telephones 10, 11, 13, and 14. Thus, all of the 
handheld telephones 10, 11, 13 and 14 can communicate 
with another telephone inside or outside of the TDMA 
system. 

The base stations 12, 15, and 16 receive or transmit 
time-division multiplexed signals simultaneously. To avoid 
co-channel interference between telephones using neighbor- 
ing base stations, neighboring base stations generally oper- 
ate on different frequency channels, where the frequency 
channel is automatically selected to minimize co-channel 
interference. Such a TDMA system may be the Personal 
Handy Phone System, common in Japan, whose require- 
ments are described in the RCR Standard-28, incorporated 
herein by reference. As an alternate embodiment, such a 
TDMA system may be the European ETSI DECT standard, 
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also incorporated herein by reference. Another such alter- 
nate embodiment may be the North American PACS stan- 
dard. Further, slow frequency hopping systems, compliant 
with CFR Title 47, part 15, and intended for the U.S. 
5 ISM-bands, may be derived from the aforementioned formal 
standards. The operation of such TDMA systems are well 
known. 

In a TDMA system, each wireless telephone 10, 11, 13, 
and 14, when active, is allocated certain time slots within 

10 which it may transmit a burs ted signal or receive a bursted 
signal. FIG. 2 illustrates a frame 17 containing slots 0 
through 7, where frame 17 is repeated on a single frequency 
channel. Other TOMA systems may use 24, 32, or other 
number of slots in a frame. The period of frame 17 may be, 

15 for example, 5 milliseconds. Assuming wireless telephones 
10 and 11 in FIG. 1 are being actively used at the same time, 
telephones 10 and 11 may be allocated slots 0 and 1, 
respectively, for transmitting bursted signals to base station 
12, while allocated slots 4 and 5, respectively, for receiving 

20 bursted signals from base station 12. Two additional tele- 
phones (e.g., 13 and 14) entering the vicinity of base station 
12 may use the available slots 2, 3, 6, and 7 in a similar 
manner. The amount of information stored in each telephone 
10, 11, 13, and 14 during a frame period is transmitted in a 

25 burst within a single slot. 

A sample protocol 18 for a slot is also shown in FIG. 2, 
where protocol 18 dictates the information required to be 
transmitted during a single slot. Protocol 18 may consist of 
a ramp-up field 20, a start symbol field 21, a clock recovery 

30 field 22, a slot sync (or Unique Word) field 23, a data field 
24, a CRC field 25 (for error correction and verification), and 
a guard band field 26. The lengths and types of fields in a 
protocol vary depending on the mode of the transceiver (e.g., 
registration mode, paging mode, call set up mode, transmit/ 
receive mode, etc.). While in the traffic mode, where voice 
is to be transmitted, data field 24 contains audio data. Data 
field 24 is referred to as the traffic channel or TCH. 
In one embodiment, the bit rate of the transmitted bits in 

4Q a frame 17 is approximately 384 K bits per second, and the 
modulation technique is JI/4DQPSK. Therefore, the corre- 
sponding symbol rate is 192 K symbols per second. 

As the wireless telephones are transported in their com- 
munication mode to different areas handled by different base 

45 stations, there must be a non-detectable handover to another 
base station. Such a handover may. require the telephone to 
transrnit/receive in a different slot pair within a frame 
whether on the same frequency channel or a different 
frequency channel. To achieve such a handover and to 

50 maximize the use of the channel, each base station and 
wireless telephone transmits/receives slots and frames in 
synchronization so as to align the various slot times within 
a frame throughout the TDMA system. 

Handovers between base stations are frequently accom- 

55 panied by an audible noise indicating a transmission error. 
Since the handover is completed prior to the transmission 
errors being detected, there is no way to recover the lost 
audio data or to mitigate the audible noise. What is needed 
is a seamless handover technique which avoids transmission 

60 errors upon a handover. 

SUMMARY 

A technique is disclosed for allowing* seamless handover > 
between base stations in a TOMA controller as the telephone 
65 handset is transported from one base station's area to 
another. The disclosed circuitry enables the TDMA control- 
ler to assess the quality of the handover before switching to 
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the new base station and provides a minimal-delay, opti- An adaptive differential pulse code modulation (AD PCM) 

mally buffered implementation. When it is de termined that voice coder 88 provides encoding and decoding of audio 

a handover operation is to commence, transmissions are information. A digital signal processor 8$ interacts with 

made in two slot times (the original slot and the handover voice coder 88 and an interface unit 90 to generate the audio 

• slot) within the same frame. Also during the same frame, s information bits to be transmitted 

data is received at two separate slot times. Only when it is A microphone and speaker 91 in the telephone handset are 

determined that the data received in the handover slot time connected to interface unit 90. In the base station, interface 

contains no transmission errors is the handover completed unit 90 is connected to the land-line network connection, 

by then only transmitting on the handover slot transmit time Aslol ^ ^ n CQnUins ^ bi 

and receivmg on the handover slot receive time. 10 address ^ md data bh& ^ be caUed ^ 

In the preferred embodiment, it is determined whether the operation of the TDMA controller to build a slot for trans- 
received data contains no transmission errors by detecting mission or to store a received slot An address generation 
the CRC codes, the signal strength, and the existence of any unit (AGU) 93 addresses the information in RAM 92 under 
invalid words. the control of a sequencer 94. Sequencer 94, which will be 

15 described in greater detail later, is the device that controls 

BRIEF DESCRIPTION OF THE DRAWINGS assembling the slots for trar^mission, and disassembling the 

FIG. 1 illustrates a prior art TDMA system consisting of slots after ™<*?tion, at synchronized times by outputting 

stationary base stations and portable telephone transceivers. contro1 fiow sequences to the modem interface unit 95. 

FIG. 2 illustrates a single frame containing slots which are 20 W^K^^f^^ rc^^wn^^ima> ; fa)m 

transmitted/received on a single frequency channel in a r ™fr™*r ^ ™ X^fl^T -5? f > 

conventional TDMA system /vinous sources, such as di^J^ 92, for buildup 

t-t^ 1 1: I . - *- - v r " ^ v r -„ ' M 6t&jsn\jn.a slol, Modem interface unit 95 also distributes 

FIG. 3 ahistoa^ the basic aremtectore of the preferred mc bits m a rcceived sbt to thc ap ropriatc destinations for 

emtKKliment TDMA system transceiver. ' ; ; - - processmg by me micr0 p rocessor and the AD PCM 

PTG. 4 illustrates additional detail of the preferred 25 engine, 

sequencer used in the TDMA tratisceiver. ^1 bit stream for transmission by transmitter 99 is 

FIG. 5 illustrates aiL{fiffie« generation unit (AGU) for sent to a modulator 96, while a demodulator 97 sends a 

addressing data stored in a memory and for retrieving data received bit stream from receiver 100 to modem interface 

stored m the memory. ^ unit 95 for processing. The demodulator 97 also contains 

FIGT6 illustrates a transmit process with the ADPCM modules for performing clock and slot synchronizing (using 

channel pointer storing data in the memory and a slot pointer tne Unique Word field 23 and the Preamble in FIG. 2), 

(acting as a transmit pointer) retrieving data from the whereby attaining a high positive correlation of 

memory for transmission during a seamless handover. synchronization/clock codes cause demodulator 97 to issue 

FIG. 7 illustrates a receive process with the slot pointer 35 synchronization signals to sequencer 94. Encryption/ 

(acting as a receive pointer) storing the received data in the decryption circuitry may be connected to the modulator 96 

memory and 1fie~ADPCNI cliahnel pointer r^^ and demodulator 97. 

from the memory for forther proce&shig muing a scandess An RF interface 98 circuit is also included. The RF 

handover. " interface 98 circuit is typically comprised of an additional 

FIG. 8 is a flowchart of the preferred seamless handover 40 m ™ re 1 mte ^ e Mtnd f 10 load , a PLL synthesizers) in 

technique provides control signals to the RF deck, 

'.„ . . such as various transmit/receive, power down, antenna 

f c£c * atCS " ! f ch [T C f ° r c °nt™Uing the Peters steeri or Received Si d Stre m Indicator (RSSI) 

of FIGS. 5-7 to operate at two slot times within a frame. mre 

DETAILED DESCRIPTION OF THE 45 ^ transmit/receive switch 101 and antenna 103 are also 

PREFERRED EMBODIMENTS shown * 

The peripheral devices and their controllers are also 

Overview of TDMA Controller connected to system bus 78. Such devices, include, for 

FIG. 3 illustrates the preferred embodiment TDMA con- example, a peripheral bus control 102 for coordinating 

troller architecture incorporating certain novel features. This 50 access between the system bus 78 and the peripheral bus 

architecture may be used in a TDMA system such as shown 104, an interrupt control unit 106, a micro wire interface 108 

in FIG. 1. The controller of FIG. 3 is the same for the base for interfacing with, for example, a digital answering 

stations and the handheld wireless telephones in the TDMA machine, a timer 110, and the various input/output ports 112 

system. The TDMA controller 74 includes a microprocessor which are connected to, among other things, a transmitter 

76, such as a model CR-16 from National Semiconductor 55 and receiver portion of the transceiver. 

Corporation, for high level control over the TDMA control- Since this disclosure primarily deals with the operation 

ler functions. The Microprocessor 76 is connected to a and construction of certain novel circuits and architecture 

system bus 78 along with a program ROM 80 and static within the TDMA system, the remaining hardware may be 

RAM 82. RAM 82 is used for storing information for conventional or slightly modified in view of the novel 

various purposes, such as storing program variables, mail- 6Q circuits and architectures. 

box information, and stack parameters. Description of Sequencer 94 As previously mentioned, 

A burst mode controller (BMC) 84 for creating the slots the operation of sequencer 94 in the TDMA controller is to 

for transmission at precise times is also connected to system issue precisely bit-timed multiple control flow signals to the 

bus 78 and consists of a number of components. A BMC bus modem interface unit 95 in order to assemble or disassemble 

85 is connected to system bus 78 via a BMC bus controller 65 the slots within a frame and ensure the bits within the slots 

86, whose general function would be understood by those are synchronized with the base station transceiver. FIG. 4 

skilled in the art. illustrates the pertinent portions of sequencer 94. Additional 
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detail of sequeaoe 94 is found in U.S. application Sen No. Preamble, and Unique Word fields may be inserted into a 

08/621,266, filed Mar. 21, 1996, entitled "Multi-Tasking slot at the proper times by enabling fixed parallel-to-serial 

Sequencer For a TDMA Burst Mode Controller," by David storage devices containing those fixed codes. These storage 

Weigand and Charles Malek. devices may be located in modem interface 95 in FIG. 3. 

Sequencer 94 includes a core 124 which contains boridi- "5 Audio data for the voice field may be inserted into a slot 

tional logic circuits and an address generation unit (AGU) by first converting the analog audio signals into the ADPCM 

, g ajJlM^ to selecting a next address in the microcode store 128. The format and storing the ADPCM data into the appropriate 

\j #1 AOU cm caMS * ^ microcode sequence to jump to an , transmit slot location in the Data RAM 92 using an ADPCM 

Jf^dlW appropriate subroutine* such as a set-up, paging, RSSI, channel pointer. The ADPCM data is then addressed at the 

transmit, or receive subroutine. io appropriate time by a slot pointer and transferred to parallel- 

1 a A time base control 122 wr^ is generated from the to-serial circuitry in modem interface unit 95. Cyclic Redun- 

* + i*Va> iJfciBlISS^^ dancy Clock (CRC) data may be inserted by instructing a 

* fia^pomfi$^ the bit rate of the base 1 CRC unit in modem interface unit 95 to generate tbe CRC 

slation (e.g^ base station 12 in FIG. 1). Synchronization of data. Similarly, audio data from a received slot is stored in 

h »Vi1A Q 2^ a s *°* w * tmn tne handset with the allocated slot time may be 15 the appropriate receive slot location in the Data RAM 92 

n/V performed by correlating the Unique Word field in a slot using the slot pointer. This received data is later addressed 

with the expected Unique Word (FIG. 2) transmitted by the by the ADPCM pointer for later decoding and further 

base station. processing. 

\ ^fojrt If tne controller is located in a base station, time base The BMC control and data structure block 132 in FIG. 4 

* control 122 outputs frame, slot, and bit pointer signals which 20 contains opcode registers for each of slots 0-7 and contains 

are synchronized with a master base station. Any base «*y other data which may be used by FSMs 126 and 

station can be a master or a slave base station. The RF sequencer core 124, such as the lengths of the various fields 

transmission of each base station contains a Unique Word in in the protocols. The various patent applications incorpo- 

each slot in the frame. Upon receiving the transmission and rated herein by reference provide addition detail of the 

correlating the Unique Word field against the expected 25 opcodes. 

Unique Word, a frame sync pulse is derived. Description of Seamless Handover 

One base station is designated a master base station, and The preferred embodiment TDMA controller includes 

the other base stations, acting as slave base stations, syn- circuitry for allowing a seamless handover between base 

chronize to the master base station by synchronizing their 3Q stations as the telephone handset is transported from one 

frame pointers to the master frame pointer. Depending on the base station's area to another. In the past, a handover from 

arrangement of base stations, synchronization can be per- one base station to another simply caused the handset to 

formed in a ladder fashion where synchronization is per- cease transmitting and receiving via the old base station, and 

formed by slave base stations receiving sync signals from on the next frame, begin transmitting and receiving via the 

other slave base stations, or performed in a star fashion 35 new base station. A low signal strength (RSSI), CRC errors, 

where all the slave base stations receive the sync signal or an invalid ADPCM code word, frequently indicates 

directly from the master base station. transmission errors between the handset and the new base 

timTbue ^ the timmg signals to 3 station upon handover. Since these errors are only disco v- 

tjie sequencer cbre l >124 arid to the finite -state- machines^ ered after the handover to the new base station, there was no 

(FSMs) 126. " ~ — _ i40 way of obtaining the lost data. 

The microcode store 128, .#&TcS5i7bTR0M"OT-R^l~ The preferred embodiment TDMA controller in this dis- 
^fJ)<^^ based, contains a series of commands for the sequencer core - ' closure contains circuitry which avoids the drawbacks of the 

&k A ^ 0 124, which in turn provides enabling commands to the FSMs prior art by allowing the TDMA controller to assess the 

Microcode store 128 is connected to microprocessor 76 quality of the handover before switching to the new base 

0 in FIG. 3 via bus 78. The microcode instructions need not 45 station. This technique is particularly useful where the 

specify each step for creating a slot protocol, such as system is a slow-frequency hopper with slot diversity and 

protocols 140 and 142 in FIG. 5, since the FSMs_126now handover may occur at every frame, 
perform the function of building the protocols. Fot example," ~ FIG. 5 illustrates the address generation unit (AGU) 93, 

when a voice transmit sequence is to begin, the microcode previously mentioned with respect to FIG. 3, receiving a 

store 128 provides an initiate voice transmit command to the 50 clock signal from the time base control 122 in sequencer 94 

micro-sequencer core 124 whichthen enables the proper 1 and outputting addresses for addressing data in RAM 92 via 

FSM 126 to ^uOdVslot for the transmit function. In a address mux 180. Slot pointer 182 provides the addresses in 

preferred embodiment, microcode store 128 also contains RAM 92.of the' ADPCM data which is to be transmitted in 

1 , k\ certain command flow sequences which are sometimes a slot or the addresses in RAM 92 of the ADPCM data which 

TrvJta ^ ^ ) 0Ut P ut from tne sequencer 94 along with a FSM command 55 have just been,received from a slot. Each "slot time has a . 

* . flow sequence. predetermined starh^^ares^ obtained from a look-up 

f jtW^li I °^ ^ ^ k a ^^w^ stale machine which table, in RAM 92. The operation of address pointers is well 

\ provides a sequence of control codes synchronized with the known and only the nonconventional features of the pointers 

APAJj bit Tate clock provided by the time base control 122. The used in the preferred embodiment TDMA controller will be 

r FSM 126 control codes are then applied to the inputs of the 60 discussed in detail. 

- process event array 130, which acts as a combiner and An ADPCM pointer 184 addresses the received data 

^^il^ re-times the sequencer's 94 output. The control codes output stored in RAM 92 to enable the data to ultimately be 

by sequencer 94 on bus 85 and to modem interface unit 95 converted from ADPCM signals into analog signals and 

$ f V (FIG 3 ) essentially enable and disable various devices and applied to a speaker in the handset. The ADPCM pointer 184 

\ Kv^' operations in the proper sequence and at the proper times to 65 also stores the ADPCM data from the ADPCM engine 88 

build a slot in the appropriate protocol as shown in FIG. 5. (FIG. 3) into the appropriate slot location in RAM 92 for 

For example, the fixed codes in the Ramp, Start Symbol, transmission. 
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Other pointers 186 may also be employed for supporting 
the other functions of (he TDMA controller. The novel 
handover technique will be described with respect to the 
flowchart of FIG. 8 and the illustrations in FIGS. 6, 7, and 
9. 

When a handset is in the vicinity of an original base 
station, it transmits on, for example, slot 1 and receives oo 
slot 5 in a conventional manner. As the handset is trans- 
ported to within an area supported by another base station, 
the carrier/interference (C/I) signal ratio and CRC status of 
the new base station is detected and indicates to the handset 
that a handover to the new base station is to commence. 
Circuitry for detecting such a base station signal and for 
commencing a handover is well known. Circuitry for deter- 
mining the CRC status and base station signal may be 
located in demodulator 97, modem interface unit 95, and 
microprocessor 76. Instead of simply now transmitting on 
the allocated slot (e.g., slot 3) for the new base station and 
ceasing transmissions to the old base station, the present 
method transmits on both the old slot and the new allocated 
slot within a single frame, as shown in FIG. 6. The two slots 
may be on different frequency channels. 

FIG. 6 shows a portion of the RAM 92 which will be 
referred to as a slot buffer 188. Such transmission in two 
slots may be performed by causing the slot pointer 182 to 
address the data in slot buffer 188 at slot time 1 and later at 
slot time 3. 

Within the same frame, data is received from the old base 
station in slot 5 and data from the new base station is 
received in slot 7, as shown in FIG. 7. The data in slot 5 is 
shown stored in slot buffer 190 while the data in slot 7 is 
shown stored in slot buffer 192. 

After the slot is received from the new base station, the 
CRC field is checked to determine if any errors exist in the 
slot, and the signal strength (RSSI) is detected to determine 
whether the RSSI is above a threshold for reliable reception. 
Additionally, the received data is inspected for any invalid 
code words (e.g., an all zero word or nibble), which is not 
defined by the G.721 vocoder algorithm, since this would 
also indicate a transmission error. 

Control data and audio data may exist in the information 
field of a slot. The control data provides information such as 
the base station identification. In certain TDMA systems, 
there is a CRC error code for the control data (called 
A-CRC) and a CRC error code for the audio data (called 
X-CRC). If either the A-CRC or X-CRC codes fail to match, 
then there is an assumed to be an audio error. 

The RSSI threshold is system dependent and is selected 
based upon a C/I ratio which would give rise to an objec- 
tionable error rate. 

The circuitry for determining whether the above criteria is 
met may be included in the demodulator 97, modem inter- 
face 95, or microprocessor 76. One skilled in the art would 
understand the simple logic circuitry necessary to make the 
determination. 

Once the determination has been made that the handover 
is adequate by meeting the above criteria, a control circuit 
193 (FIG. 7) then switches the ADPCM engine 88 from 
processing the data from buffer 190 (old slot) to processing 
the data from buffer 192 (new slot). 

Thus, the switchover from the original base station to the 
new base station is only made once it has been determined 
that a satisfactory handover has indeed been accomplished. 
The ADPCM pointers 184a and 1846 for both slot buffers 
190 and 192 simultaneously address the same byte positions 
in buffers 190 and 192 such that a portion of the slot applied 
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to the ADPCM engine 88 will be obtained from slot 5 while 
a second portion, after the handover, will be obtained from 
slot 7. Such a handover will be transparent to the user since 
no slot data is lost. 

After the handover, the handset operates in a conventional 
manner by transmitting and receiving on a single slot pair. 

If the above-mentioned criteria for a handover have not 
been met, the four slots are used for receive and transmit 
until a predetermined period has been exceeded. At that 
time, a time-out is called by the algorithm, and the handover 
operation is temporarily abandoned, as shown in FIG. 8. 

FIG. 9 illustrates the indexing of the slot pointer 182 and 
the ADPCM pointers 184a and 1846 during a handover 
operation. The slot pointer 182 (acting as a transmit pointer) 
is preset to transmit the data in transmit buffer 188 at the 
original slot start position 194 and, after completion, then 
preset to transmit the same data at the handover slot start 
position 196. 

To achieve a seamless handover, the preferred handover 
slot start position 196 indexes the slot pointer 182 within the 
slot time (i.e., does not start the slot pointer 182 at the 0 
position within the transmit buffer 188) to take into account 
the number of ADPCM bytes (or samples) generated 
between the two transmit slot times. For example, as the 
handover slot time occurs later in time, the slot pointer 182 
must transmit the ADPCM bytes starting from a later 
sample. One skilled in the art could readily derive this offset 
by determining the number of ADPCM bytes generated per 
slot time. 

For reception, ADPCM pointer 184a and ADPCM pointer 
1846 both begin at byte 0 of their respective slot buffers 190 
and 192 and sequence simultaneously. ADPCM pointer 
184a begins at the original slot starting address 198, and 
ADPCM pointer 1846 begins at the handover slot starting 
address 200. Hence, when the handover is made by control 
circuit 193 in FIG. 7, the next byte routed to the ADPCM 
engine 88 from buffer 192 will be the correct byte to follow 
the byte from buffer 190 previously routed to the ADPCM 
engine 88 with no data lost. 

Control over the various pointers is provided by the 
sequencer 94 in FIG. 4. The signalling of a handover 
operation within sequencer 94 may be made using opcodes, 
associated with each slot, stored in the BMC Control Data 
Structures 132 block in FIG. 4. A conditional logic circuit in 
sequencer core 124 senses the opcode and causes microcode 
store 128 to jump to the appropriate subroutine. The opcodes 
are stored under the control of microprocessor 76 in FIG. 3. 

Thus, a technique has been shown which provides a 
seamless handover without loss of data even when trans- 
mission errors exist at the initiation of a handover operation. 
The inventive circuit ensures that there are no transmission 
errors prior to the handover being completed. 

Conclusion 

This disclosure primarily focuses on those non- 
conventional features of a TDMA controller. Those circuits 
typically used in TDMA controllers which have not been 
described in detail may generally be conventional circuits 
using conventional algorithms. For example, conventional 
circuits and algorithms may be used to calculate and com- 
pare the CRC codes and to determine RSSI. The concepts 
described herein may be applied to any TDMA controller. 
While particular embodiments of the present invention have 
been shown and described, it will be obvious to those skilled 
in the art that changes and modifications may be made 
without departing from this invention in its broader aspects 
and, therefore, the appended claims are to encompass within 
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their scope all such changes and modifications as fall within 
the true spirit and scope of this invention. 
What is claimed is: 

1. A device for use in a TDMA communication system, 
said system including a plurality of base stations for trans- 5 
mitting bursts of data within time slots to handsets and 
receiving bursts of data within time slots from said handsets, 
said slots being arranged in frames, said device comprising: 

a means for determining whether a handover operation is 
to be commenced for transferring communication sup- 10 
port for a cordless handset from an original base station 
. to. a handover base station in a TDMA system; 

a transmit buffer for storing data to be transmitted; 

a first receive buffer for receiving data from a first burst; 

a second receive buffer for receiving data from a second 
burst; 

a switch connected to said first receive buffer and said 
second receive buffer; 

a decoder connected to said switch for receiving data 20 
within said first receive buffer or said second receive 
buffer, depending on a position of said switch; 

a first addressing means for addressing locations in said 
transmit buffer for transmitting said data in said trans- 
mit buffer in an original slot transmit time and in a 25 
handover slot transmit time within a single frame; 

a second addressing means for addressing locations in 
said first receive buffer at particular times for storing 
data received in an original slot receive time and for 30 
addressing the same locations at said particular times in 
said second receive buffer for storing data received in 
a handover slot receive time; and 

a control circuit for detecting whether a handover opera- 
tion should be completed and, upon detecting that said 35 
handover operation should be completed, controlling 
said switch to route data in said second receive buffer 
to said decoder for further processing. 

2. The device of claim 1 wherein said first addressing 
means comprising a first address counter which addresses 40 
locations in a RAM. 

3. The device of claim 1 wherein said first addressing 
means and said second addressing means each comprise a 
counter which is presettable to begin addressing at an initial 
starting position in a RAM. 45 

4. The device of claim 1 wherein said transmit buffer, said 
first receive buffer, and said second receive buffer form a 
portion of a RAM. 

5. The device of claim 1 wherein said decoder is an 
adaptive differential pulse code modulation decoder which 50 
converts received signals into analog signals. 

6. The device of claim 1 wherein said second addressing 
means addresses data in said first receive buffer and said 
second receive buffer such that there is no loss of data when 
switching from said first receive buffer to said second 55 
receive buffer. 

7. The device of claim 1 wherein said device is located in 
said handsets and said base stations in said TDMA commu- 
nication system. 



8. The device of claim 1 wherein a determination that a 



60 



handover is to be completed is based upon the following 

criteria being satisfied: 

no Cyclic Redundancy Check (CRC) errors exist for said 
data stored in said second receive buffer, a receive 
signal strength during said handover slot receive time is 65 
above a predetermined threshold, and no invalid words 
exist in said data stored in said second receive buffer. 



9. The device of claim 1 wherein said data transmitted in 
said handover slot transmit time is offset from data trans- 
mitted in said original slot transmit time to take into account 
the number of audio samples which have occurred between 
said original slot transmit time and said handover slot 
transmit time. 

10. The device of claim 1 wherein said first addressing 
means and said second addressing means are located within 
a sequencer in said handsets and said base stations. 

11. The device of claim 1 wherein said control circuit 
maintains said switch to route data in said first receive buffer 
to said decoder if a predetermined amount of time has 
expired without detecting whether a handover operation 
should be completed. 

12. A method for performing a seamless handover from an 
original base station to a handover base station in a TDMA 
communication system, said system including a plurality of 
base stations for transmitting bursts of data within time slots 
to handsets and receiving bursts of data within time slots 
from said handsets, said slots being arranged in frames, said 
method comprising the steps of: 

transmitting data to said original base station in an origi- 
nal slot transmit time and receiving data from said 
original base station in an original slot receive time; 

determining that a handover operation from said original 
base station to said handover base station is to com- 
mence; 

transmitting data in said original slot transmit time and a 
handover slot transmit time within a single frame; 

receiving data in said original slot receive time and a 
handover slot receive time within said single frame; 

storing data from said original slot receive time in address 
locations in a first storage buffer at particular times and 
storing data from said handover slot receive time at the 
same address locations in a second storage buffer at 
said particular times; 

decoding received data within said original slot receive 
time and converting said received data into decoded 
signals; 

determining that data received in said handover slot 
receive time meets predetermined criteria for said data 
to be error-free; 

decoding received data within said handover slot receive 
time from said second storage buffer and converting 
said received data into decoded signals; and 

ceasing transmission of data in said original slot transmit 
time and ceasing reception of data in said original slot 
receive time. 

13. The method of claim 12 wherein determining that said 
data in said handover slot receive time is error-free com- 
prises determining whether all the following conditions are 
met: 

no Cyclic Redundancy Check (CRC) errors exist for said 
data received in said handover slot receive time, a 
receive signal strength during said handover slot 
receive time is above a predetermined threshold, and no 
invalid code words exist in said data received during 
said handover slot receive time. 

14. The method of claim 12 wherein said step of trans- 
mitting data comprises transmitting data in said handover 
slot transmit time which is offset from data transmitted in 
said original slot transmit time by the number of data 
samples taken between said original slot transmit time and 
said handover slot transmit time. 
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15. The method of claim 12 further comprising the step of 
abandoning continued performance of said step of determin- 
ing that a handover operation from said original base station 
to said handover base station is to commence through said 
step of ceasing transmission and reception of data if a valid 
handover is not detected within a predetermined time period. 
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16. The method of claim 12 wherein the step of ceasing 
reception of data in said original slot receive time comprises 
switching processing data from said first storage buffer to 
processing data from said second storage buffer. 
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